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Abs t r ac t .  Mcasummlts of tlIc solw cIlcIgy  tl)rcNIuJIout  t}Ic sol:ir  S]mtIIIIII
:111(1  I]])(lc]sta])(ii])p, its varial)iliiy ])mvi(lc  i]Il])o]tallll  i]]forlliatio)l  al)out tlIc
])l]ysical  ])roccsscs a n d  structura]  clIanRcs  i]] tllc solaI i]]tcriol an(] il) LIIc
solar atnlos])l]crc. SOlar irradia]lcc lrIcasumIIcllts (ljotlI  Imlo]lwt]ic all[l at
various wavdcnp;lhs)  over I,IIc last two  dccadcs lIfivc dcIIImIst  IalA that i,l Ic
solar radiative out])ut  cl)al)gcs  wit])  t i m e  as an eflcct of i,l Ic walling a n d
waxing solar activity. Althougl I tlm overall ImttcI’11  of tllc loIIg,-tmIn vali-
at, ions is similar in t,llc clltirc s])cctrum  and al, vaI ious  wavclcIIgll  Is, bci])g
lliglm duril)g lli.gl] solar  act ivi ty co]]clitiol]s , ICI Ila~kablc  d iflcm I ccs exist
]) CtWCCll  th(! IIlaf;llitll(k!  a n d  Sha])C Of t]l~! ObSCl”VC(l C]lalIf>CS. ‘J’lICSC diflCl’-
(: Ilccs arise f r o m  tlIc difrcrcmt  ])l)ysical  (ml)ditions  in tlIc sol:ir  atmos])lIclc
WINX tlm irradianccs  arc c!mittcd. ‘J’lIc ai]n  of tl)is ]mlm is to d i s cus s  t he
sc)lal-cycle-] .clatc![l  loIIg-tmm cl Iallgcs  ill solar total and lJV irra(lial)cm. ‘J’l Ie
s])acc-borne  irradiancc obscnations ar(!  cmn])arc(l  to groulld-based i]ldices
of solar m.qyctic activity, SUC]l  as the I’llotomclric SuIIs]mt  lndcx,  full disk
magndic f l u x ,  and i,hc Mt .  Wilson Mag]l(!tic  l)]ap,c StIwIg  LII lIIdc!x. (;oII-
sidcrab]c ])art of the rcscarcll dcscribcd ill this ]m])(:r was stilnulatccl by tlIc
discussions with t]lc late l’llili]qw IJclacllc, wlm  will always mnai]l  ill the
lIcarl and lnc]nory of tllc author of tl]is ])apcr.

}<cy w o r d s :  ‘J’otal Solar  lrradial)cc - lJV  lrra(liancc  Solar Mag)lctic
Activity
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I . 1 ld,mduct,ion

‘J’l)c Sun,  a fairly ty])ical star, dolr-iinatcs  t,l)c ]Jllysical  ccillditions  tl]mugll-
o u t  tl]c solal systcnn  duc to its il)flucnco  C)N ])lallctaly atmospllcms  and t,hc
il)tcr])la]]da]y  mdiuln. ‘J’lIc total radiative out])ut of tl](!  SUn establishes
tl}c l’kirlll’s  ]adiativec])vi]ollll]c]]t  aIld it controls its t,cIII]wrat,uIc  and at,-
]Ilos])lmic conlJjositio]l. ‘J’llis  lli(Jstly  cO1llill[]llltl radiat ion originatcsi]l  tlIC
])l)otos])llc]c  al}d i t s  IIIajOr  ])art IcacIIcs  I,l)c tN)]wsl)l)c].c  and tllc II;alth)s
s u r f a c e  a]ld  oceans .  Co] IscqUCIItly, s]nal]  l)ut ])crsistcllt,  variat,  iol)s ill the
s o l a r  CIICI:,.y out})ut, lJIay I)c rcs])o]]sil)lc  for s]ow c,lilllatc  cIIan~cs  sucl  I as
])roduccd tlIc l,ittlcl(:c A~,cs, wllicl) was accoln])allicd wit])  all ulmxcc])tioll-
ally low IIlagl)ctic aclivity of Lllc Sun,  called as tll(! ‘(h4;iu11dc1  h4inimum”
(Ncslllc-l{il)cs CL al., ]994). ‘1’llmcfom, L})(! accu~at,(!  kmvlcdp, c of t])c  SO-
lal radiatiol)  l(!ccivd l)y tlICl(2irllI  al]d itstmtl]mlal valiatiolls,  cs])ccizilly
(win dwadcs, is critical for a~] {Ill[l(!lstal][li)]p,  of tll(: m]c of solar varial)ility
ill clil]latc cl]allgc  al)d Lllc clilrlatc msj)ol]sc  t o  illcrcdsinp,  gmC!lIIIousc  g,as
(:{]llct:llt):ttiolls.

Altl~oup,l I tllc!cxistctlcc [) f])ossil)lcg lol)al” clilrlatc!  cllallp,c:s l)zlsc(l  01) tllc
(:l]al]gill~, sola] outl)ut lIad bcc II doul)tcd aIId delmtcd fo] a lo]Ig ti]nc, tl)c
results  of various s]mcc  Cx])crinlcllts  for IIlol]itroril)p,  solar ir]aclial)ccc)])cl)c(l
a) I cxciti))g IICW ma ill both atmc)s])llcric  Lind solar ])li<ysics.  Various s]mcc-
lmII)c  observat ions  of  total solar ir]adial]ce OVCI Ll]c last i,wo dccad[!s  cs-
t:il)lisl]cd col)clusivcly tl)at total solar irradiallcc is rid c o n s t a n t  a n d  t,hc
clialigcs 011 tinic scales fro]]) mil)utcs to t]lc ]1--yca] solar aclivil.y cyc][! am
d a t e d  t o  cllal)~cs  ill tllc Sun)s  il)terioralld atlnos])llcrc (}yillson al)d llud-
soll,  1!)88;  INilllicll c1 al.,  1991).  IIigl)  ])rccisio]]  ])lloto]nct].  ic olmcrvations
t) fsolar-i,y])c  stars clearly sliow tlI;it year-  lo-ycal Valiatiol]s coIiIiccled  wit])
liia:, ilctic :ictivity is zi widcs])rcad ])lICI~OIIICIIOII  alrio])g  such  stars  (I{,adick,
1994). A s  L]lC IIcamst slar, L]lc SUD is L]lc o]]ly slal w]tmc  wc can OIXCIVC
:illd idcillif+y a variety of str[icturcs  md ])rocesscs  w]iich  lead to irradiancc
variabi l i ty  011 til Iic scales of niinlitms  to dccadcs. 011 tJIc other hand,  the
ol.iscrval)lc  c]laraclcristics  of otliw stars cx})and our kllowldg,c on how tlic
Su]i wolks,  silli])ly  l)y clllargillg t]lcsalri])lcto a l;i~gcrscl  of co])ditiolls.

‘lb cstal)lisli tllc pos s ib l e  link  bctwccn so l a r  va r i ab i l i t y  a~ld clirnatc
c]lallf,c,  il is Iicccssm,y  to ana]ym!  ]ollg-tcrln datasc!ts  rc])r(!scnting  so]ar ac-
tivily. ]’brtu]latdy,  ci’(!] siilcc  tliccallicsl telcsco])ic  ol)scl~~atiol)s,  t])c  SUII>S
v:iliability ill I,IIc! fonil of suiis])ots and relat,cd  nlafylctic activit<y ha s  l.iccn
t,li(!slll)jcct {] fcalcfillst{l(ly.  C()llsi(l(:lal)lcc  ;fl[)ltsll avck){!clill la(lcto(lcvclo]>
irradiance Inodels to llcll)  identify IJlcir  ])hysica]  c:iuscs  and to provide ir-
ra(iialicc cstiwiat,cs  WIICI1 lIo satellite observations exist. ‘J’llc ultimate goal
is to uncover liow and wliy ih(! Sul] is cll:ingillg  ill Odcr  to rcconstrud  and
J)If!dicL  tlic solar-iliducc[] c]i]i~alc  c]laligcs,
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2. Variations Obsmvc!d  in Solar lrradiancc

‘I’l)c:  valllcc)f tllcilltcgfatc{l s()lalc llclp,yfl llx()vcltll  cclltilesc)l  alsJ)cctIlllll,
llc!]lct}  t()talilra(lial~ c[:)a Ilivil)gatt l](!tc) ]J()ftl][!l'; altll'satl~l c)s])l][:l(!atl  AU
is uillccl  ‘(solar COIIStaIIt)’. Col)tillllol]sc )l)sc]vatio]lsof  tc)tal solali~la(li:lllcc
to dctd i t s  v i a b i l i t y  startd at tllc l)cgil]])ill~  o f  this cmitu]y al, tl]c
,Sulitllso)iiall  ]nstitut(!,  first fmnl l]igl] altiludc IIloullt,ail] sl, atiolls al]d lalm
o]) fmln ballooI)s  and aircraft. ‘J’l ICSC! e a r l y  ]IIcas(]]cI]l(!]]ts,  lmvcvw, could
]Iot Icvcal variations  i]] t,otal  solar irradiallcc  related to sola]cfl’wts l)ecausc
of tlIC lack of sufficicn]t radio] rlctric ])rccisio]]  aIId tlIc  sclcctivc alxmr})t,  io]l
o f  tl)c tmcstrial atllmpl]cm (Frtilllicll  d f~l., 1991).

‘J’l]c fiml colltil]uous and lli~ll ])rccisioll  olwcrwitiolls of t o t a l  solar il-
ladial}c(i  froln  s])acc  stall(!d ill lfl]c lzitc scv(!)lti(!s  fmlli  various sat(!llitc
]Jl:itfolllis.  ‘1’l]c Lilllc swim o f  I,l]c s])acc-l)ol]lc  exj)cri]rlc]]ts  arc plol,td ill
l~ig. 1  (I+iilllicll  c.! al., 1997).  ‘J’]](!  diflclcllt scale of tllcsc ]II(:aS[]IClI-iC]]tS
is ]datcd to Llm abso lu t e  accurticy (4 ().2%) of tll[! ctilil)ratioll of tllc i)l -
{]ividual  iustlul]lcnii,s  (1’’r{)ljlicl), 1997).  l+ccausc  of t?llc low al)solut(!  a(x:u-
liicy of tile culmllt total illadiallcc lliczis[llcl]Icl)t,s,  it is cxtmnc]y  diflicult
10 ln:iillllai]l  lollg-tmlll llol]lo~cllcous  ilr:idiallcc datmwts, cs]wci:illy  WI)C]I
tlIc!Jc am illtcrru])tiolls iu tllc obsmvd  d:it,a. ‘J’l]c UAl{S/A(;lilhd  11 (Iata
]ncsclltcd ill l“ig. 1 l)avcl)c(!]l  scald totllc Shfl M/ A(;l<lh4  1 il]:i(li:i]lcclcvcl
l)y IM5hlich (1 997) via the il)t(:lcolil])a~is[))l  of tllc two AC;1{lh4 datascts with
tllc Ninlbus-7/1’;l  Ul a]ld  }’;1{1!S ]Ilczisl]]c]]lc]lts.

Althoug]l t,l]c absc)lutc accuracy of i,lle total i~radiaucc:  lncasumnc!t]ts
is limited Lo about 3 0.’2°/0, tl)c ]Jrccisio]] aIId stal)ility of tl~c illstrulllcllts
i s  lnuc]i  bcttm, wl]icll  makes i t  ])ossiblc i,o study tllc mlativc variations
ill total imadiallce. A s  illustlatd ill l~ig. 1 ,  total solar imddial]cc va~ics
(WC] a w i d e  ral].gc of pcriodicitics. ‘J’hc lrlost  illl])ortal)t discovery  o f  tlic
satel l i te-basd in.adiaucc  observations is I,l]at total solal irradiallc(! vali(:s
l~y about ,  a sl~iall fraction of lyo over  tllc solal cycle ,  being IIigll(!r durill~
~naxilnulll  solar a c t i v i t y  conditiol]s (e.g.  \Villson at]d IIudsol], 1988). ‘1’llis
sc)la~-cycle-lclated variation  of total solar ilradial]cc is attributed to tllc
cllallgillg clliissioll of  bligl]t  IIlaglmtic  clclll(!llts.  It l]as bccl]  dclnollsllatcd
that  tllc active rcgiolls fdcula(!  alollc fails by lIIOIC tllau a factor of two in
cx]daiuil]g tl]c s o l a ~ - c y c l e - m l a t d  long-  tcrln cllallgcs (Ku]ln  CL al.,  1988).
A Lllird co]n])on(!ut,  tllcso-called “activ(!l letwork” llasl)ccll il]tmdllcwl to
cx])lain  tl]eolx+cnwd lcmg-t(!m illa[lia~lcc:cllall~,cs  (Foukal  ald INaII,  1988).

I t  has bccu show]] t,llal- tllc long-t[!lltl i]ra[liallcccllal]g,cs  IIlay a l s o  })c
ldatcxl to v a r i a t i o n s  in tllc ])llotos})llmic  Lcm])maturc (Kuhn ct al.,  1!)88),
I1OWCVCI,  i t  i s  not y e t  clcal wllctllcl tl]is cllallp,c call  I)c lillkd wit]) tl]c
brigl Alwtwmrk  componcn~t.  A(l(liti[)Ilal  gl()l)zil cflticts,  s~1cliasclla~lg(!s  illtlw
solal diamctm (I)clacllc d al., 1986; lJlricl] al]d  IIcrtc!llo,  1995),  large scale
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commlivc  CC1lS (Rilm et al., 1985),  Ll)c difl’cm)tial rotation of Ll]c S u n ’ s
il]tcriol and solal clynalno lnag;nciic  fields llcal tllc Imttom of the convective
ZO]W  (K UIIU)  1996) ma<y also Iwoducc  valiatiolw ill total imdiaucx!.

Sil]cc  tllc Sun’s  ilradiancc is obscmml fmln O])C dircctiol~  ill S]mcc,  it is
diflicult to dclmmine wh(!l,l)cx tile obscrvcxl  imadiallcc valiatio])s q)mscnt
tmc luminosity chan~;cs  which occur  ill t,l)c SUII’S Iadiatim] in all dilcctions
or tllcy alc sim])]y  IC!sult o f  a clla]lgc  ill tl]c ai)g, u]al dcyml]d(!ncc o f  tllc
radiation field emerging from  the photos]hm llsing tl]c limb lwig]]tncss
obs[!rvat,iol]s,  Kuhn ct al. (1 988) showed t])at tlIc }+;1{11 and AC;ltl  M total
imadial]cc al]d tllc com])utcd lul~linmity cl)ang,c  ill pl)asc  a n d  mlativc aln-
])litudc. ‘1’1][!s[!  N!sults  dcmo])strat,c tl)at tllc lou~,-t(!]’in cllal)gcs  arc really
lultlil)osity cl)allgcs,  which lrlay ])lay al) i)ll]mtal]l m]c  ill gloln] cl]allgcs  o f
i,l]c ]I;arll)’s  clin)atc.

SlloI1-tcrlrI  cllaligcs 0]] time scales of days i,o ]rlol~t,lls aw su]milrllmscd
oll tllc lollp;-term ilmdiancc variations, wllicl]  arc ]J)ilnari]y  associated with
tl)c evolution of active regions via tl)c colllbillcd cfl’cct of dark sulls])ots a~ld
bligl)t  facula(!  (C;l]apmal],  1987).  ‘J’l)e ]IIost striki)l~ CVC]I(S  ill tllc sllort-tcr]]]
imdiallcc chalgcs a] c tllc suns] mt-rclalmd di])s ill total inadiancc  wit]]  tin
aln])litudc  up to 0.3°A~ (Willson CL al., 1 981). ‘1’llc (!fkt of Su]ls})ots 011 total
solar ilradiancc l]as  hccn lJIcdclcxl w i t h  tllc “1 ‘Ilotoln(!tric  Sul]slmt IIldcx”
( 1 ’ S 1 ) ,  wl,icl)  ]clatcs t,l,c area, positicn,, atld co,,hast of suns*mts  tm a net
cflcct o]] tl]c mdiativc output of t]Jc observed solar IJclnis])hcrc  and it is
corJ’cctcd  for  tllc limb d?wkcning  (IIud son ct a l . , 1982). ‘J’llc ]c]ationshi])
bctwccl) tl)c 1’S1 mode] and total solar irjadiancc is ]msw)tcd in Fig. 2 for
lIIc time intcmd of 1980 to 1994, WIICIC  tl)c 1’S1 lnodcl l)as bee]] calculated
by l+tihlicll et al. (1 994) .  ‘1’IN! dasl]c!d  lilw  in l“ig,. 2a indicates the daily
values of total imadiancc as measured by \JARS/AC;R.lM II (Willsml, 1994),
wl](!rc!as  t]){! solid line givc!s its adjust(!d value to tJw Sh4M/A(X{TM  1 scale
(1061]liclI,  1 997).

A s  can be secm fmn Fig. 2, di]m in total imadiallcc always corrcspoud
to tllc ]Jcaks  in the 1 ‘S1 model ,  convinciup;  tll(! skc])tics  that LIIC dalkell-
in.g cflcct of suns]  )ot,s on total irradiallcc  has indeed bccl]  dctcctcd and tllc
slrong  magnetic fields of sunspots can cause nc.gativc  excursions in tllc total
flux. I1OWCVC!I,  it is a ratlIcI surprising, ol)scrvational cvidcncx  that in spite
of t,llc irradiancc deficit duc to sul]s])ots,  wllicll  al-c tl)c nlost Im)~muncc!d  at
so]al max imum,  total sc)lal  irradial)cc valics ill ]Jl]asc with tl~c so]a~ cyc le
(I+iilllicll et al.,  1991). ‘J’his  indicates that wllilc tl)c stm~lg  ]nagn(!tic  fields
can rcducc the: cncqyy  tmnsport within tllc convective ZOIIC,  tllc! weak lnag-
nctic fields alc capab]c of carrying  suflicicl]t ainoullt of extra energy to the

solar su]fiacc  to cnhancc  total imadiaucc at tl)c tilnc of solar maximu~n.  ‘J’lm
total imidiancc comcctcd for  suns])ot da~kcning (tl)crcaftcr SC) is sl)cnvn in
l“ig. 3a, indicating tl~at the solar cycle variability of total imadiaucc would
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1)(! Collsi(hml)ly  kll’F,Cl”  w i t h o u t ,  Lllc Cflict of Sulls])(its. It IIas L)CCII follll(l
tl}iit  tl)c lol]g-tcrln variation  of SC is v(!ry  silnilar to tl]al,  of Ll)c! solar U V
irmliancc (] bukal and 1,can, ] 990; ] ‘aI) et a/., ] W~ ) and about  OIIC fiflh
(Ima],,  1989) t o  O,,C tl]ird (I,ondon ci al.,  1989) of tl,e lo*g-lm*n  cl,ange i,,
tc)tal  irradiallcc is related the variability in the intcp,rated 200- 300 nm  UV
flux.

‘1’o corn]mr(! t,l)c variation c)f i,llc lJV irradiancc  with SC, tllc c.oml)illcxl
liilrll)lls-7/Sl]lJVl  a]ld  NOAA9/SlllJV2  Mp, 11 II &. k  core- to-wil]p ,  ratio
(Mp, c / w )  i s  I)lottcd in l“i~. 3b. Alt]]ougl]  t,l)c SIIIJV cx]x!rimwks  suflcr
f]olrl a sip,llificant  dcr,radatioll in t,l)cir difl’user rcflccl,ivity,  tlIc ratio of tlIc
irradi:i]]cc i]] tlIc  c o r e  o f  tl]c Mg, 280 ]I]r) lillc to tl]c irradial~cc al, tl]c
ilcip,]ll)o~ill~, col]tilluun) wavclcllp,l]ls  cti]] ]W IIscd  as :i g o o d  i~ldcx  o f  so-
l:ir clll(~lll[)s])ll(:lic variability (Ilcatl) and Sclllcsil]~,cr,  1986). ‘J’l)c colnl)incd
NillIl)us-7/SllUVl  a)ld NOAA/SlllJ\~2  Mg c /w  ra t io  ])rovidcs  a Iol]?,-tcrin
(JV imidimcc datasct cov(!ring  two sola?  cycles,  wllicll  lliak(!s it ]mssiblc
to sl, udy tl]c 1OIIR-WIII  U V  irmdialm clla~lgcs ill a g rea t  de t a i l .  As  call
l)c SCCII frolrl l~i~. 3 $c., ~ and the Mg c / w  ratio v a r y  ill ]mrallc]  o v e r  L}](!
solar cycle.  ‘J’l]c forll]atioll of Lllc h4g 11 lil]c is wry similar  to that of tlIc
(;ti  11 K lillc,  and I,l]c two Lilrlc series co] Iclatc Vcl<y well (I)ollllelly ci C1l.,
“19{)4 ). ‘J’l]is dcl])ollstratcs that tllc lo]~g-term varial,iolls ill total solar al]d
U V  irradiallccx arc p r imar i l y  cziuscd by tllc sanlc cvcllts, i.e., tllc cllang-
il)g cl])issiol)  of bright lnagnc!tic  features , SUC1]  as ])la~cs  and tl)c lnap;llctic
]wtwork  (] ,mn, ] 988).

I t  i s  intmwsting to note t h a t  tl}c va~iatim of  tl)c Mg c / w  ratio over

solar cycles ’ 2 1  and 22 is vc]y  sylnn~ct)ical. As can be SC!CII  fmln Fig. 3 ,
LIIC MK c/w ratio sliows  about a 3-year  long “flat” maximuln during  solar
cycl(!s 21 and 22. 1]) colltrasl to t]lc silnilar v a r i a t i o n  of the Mp; c /w  ovcx
Ll)c i,wo so]al nlaxilna}  tllcm is a substantial diflcmlcc lwtwccn its variatiol]
(iurillf,  tll(! d(!c]il~ing lmrtiolls of sohir cycles 21 and 22. As can  bc sw!n fmn
l“ig. 3, tllc h4g c/w riit,io dccrcascd  s t ead i ly  frcnll 1982 to 1986. No te  that
th{! dcclin(!  of solar lJV irradiancx!  at l,ylnan-~ was very similar and b o t h
tl)c Mg c/w ratio and l,ymal]-c~  irradianccs  sl)owc!d  a ])rcmoullcwd 3 0 0 - d a y
])criodicity during  Lllc dcscc!llding  pllasc C)f solar Cyulc 21 (1’ap cl al.,  1 990).
III contrast, a snarl) dccrcasc  was observed ill both LIIC Mg c/w ratio and
1,yl]lal]-c~ bctw(!cn  l~chruary  and Junc! 1992 (White et al., 1994),  wllicll  was
S(!CN in additional solar indices, c!,g. in tllc 1’S1 fu!lctiml, 10.7 cm radio flux
:iI)d tl~c full disk mag,]lct, ic flux.

3 .  Solar irraclimce v a r i a b i l i t y  and ]nagnetic  a c t i v i t y

It  Il:is bcmi  {issomcd  that tllc o b s e r v e d  lo]]g-tc]nl cl]angcs  in to t a l  sc)lar
and (JV irradiancx!s  am mlatcd to the! evolution of tl]c magnetic fields  over
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tlIc solar cycle.  ‘J’lIc absolute  value of tllc full disk illtcglatcxl lrlagllctic flux
Incxisud  at tlm Na t iona l  Solar OIM!Ivatory at Kitt l)cak is I)lottcd in Fip,.
4. As call  bc seen, the long-tmm valizitiol]s in tl][! full disk magnetic flux as
WCII as in tl)c lJV and total irradiancc!s arc very  sinlilar, cs})ccially  doring  the
dcclinin.g  and rising portions of solal cyck!s 21 al]d 22. }Iowcvcr,  substa]]tial
diflcrenccs exist bctwcc]l the magnetic field and il-rad iancc values during  the
maxilnunl and minimuln t,imcs  of i,hc solar cycle. l)uring  tl]c l~laximum  of
solar cycle 21, lmtal  solar irradiancc dccIcascd skadily fro]ll al, least 1980,
wl]ilc  tl]c magnetic ficl(l })cakcd al]]mst two years latcrj i]] 1982. 1]] addition,
<is SI)OW]I  ill 1+’ig. 31J, tllc UV irradiancc rcacllcd tllc IIlaxill]uln  lmwl of  solar
cycle 22 in late 1989, wl]m!as tllc nlaxilllulll of tl]c  Illap,l)ctic  flux o c c u r r e d
only ill l:itc 1991.

‘J’IIc  rclatiollsl)i]) l)dwccn total s o l a r  a]]d IJV irr+idi:illccs  aIId LIIC II I:igI,-
]dic flux durillp,  solar lninimum was studiwl l)y l’s])  c1 al. (1 99(;) ill dct:iil
usil]p, tll{! socalk:d “dis])crsio])  diap,ranls”. Ally cl]all~,cs  s}lortc]  tllall tllc
solar rotational ]wriod were considcml as ]]oisc fil Id rmiloved  fro]]]  I,llc data
l)y calculating; mcmt]ily  averages. ‘J’]lc  bcp,in]liu~, ziIId tlIc cIld o f  tlIc ]nini-

IIiUIn  Li]nc of so]ar cyc]c  21 was (!stab]is]lcd  fro]n L]](! distril)utiol) of L]IC data
ill tllc dis])crsion diagrams. It was show]] tl)at tlllc lcllg,tll of solar IIlillil]lunl
was II IUCII sl)orlcr in tl)c case of Lotal and UV irladiallcc Lllall i]) t,llc cas(: of
solar il]diccs  rcprcsclitil)g strong  nla~nc~ic  fields, SUC1)  zis th[! full disk ll)ag-
nctic flux al)d 1’S1. ‘J’l~csc resul ts  inclicatc, as also SCCII i)) IJigs. 2-4, that
total solar and lJV irradianccs  starlcd to incrcasc al)out 1() InoIItlIs  l)rior  to
tlIc rise of t.llc magnetic flux (and 1’S1) at tllc l)c~;inllinp,  of tllc asccl]dillp,
p]]asc  of solar cycle 22.

Since tllc full disk mag,]lctic  flux illcludcs t]lc lnap, ])ctic  field of lwtll
sunspots and plagcs, the ‘ (Magnetic l’lage Strcn8tl] ll]dcx” (MI’S]) has IWCI1
used to study  tllc rcl{ition  bctwccn tllc clla]lg(!s  of tllc lJV  ilradiancc and tl)c
m:ignctic flux related to })lagcs. MI’S]  ]Ias bccll dc] ivw] frol]i iIIap,i]c:Lc)~IaIIIs
taken at  t]lc Mt.  Wilson obscrvaiory  in tllc R: 1 li~)c at 525.() Ill]) (Ulric}),
1991 ). MI’S] is defined as tl)c sumi of tllc al)solutc lnap,i~[!tic fields of all
IJix[!]s  with m a g n e t i c  strcl]gt]l bctwecli ] () slid ] ()() ~auss divid(!d  ~)y t]~c
total number of pixc]s ill Lllc image. [;lla])ll-ian  and 1 loydcn  (1 !)86) sllow[!d
that  ])ixcls  with magnet ic  f ie lds  of  10 to 100 p;auss arc! associatwl  wit]]
facu]a(!  and plagcs, wllcrcas pixcds above! 100 gallss M!I)rcscnL  sul)s]mts. ‘J’llc
time series of tl]c Mg  c/w ratio (solid lillc)  al)d MI’S]  (dot ted lil~c) arc
})rcscntccl  in the upper panel of Fig. 5 for tlIc ti]nc illtcrval of Novcmbc!I
1978 to Sc~Jt,cmbcr  1 9 8 6  (from  maxinlolll to ]Ilil]imul]i  of solar cycle 21).
‘J’hc lower pane] gives tl]c scatter ])lot  diagram bctwcc]]  tl]c  two time series,
wliicll  snows their hig]i  cormlatio]l (r =- 0.95). }Iowcvcr, tllc lillcar relation
Mwccn tlic two time series breaks CIOWI1  at tlw tinlc of solar I]liniinum.

‘J’o s tudy the Iionli]lcar rclatio]]slli]) bcLwccIi tlIc hcl~ c / w  ratio a n d
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h41 ‘S1, a relatively ncw tccllniquc called ‘( Sing\llar SIwctru]n  Analysis”
(SSA)  ]laS km USd. S S A  l)as kc]] dcvclo]ml  t o  s t u d y  ~Ionlitl(!ar and
chaotic dynamical systems (Vdutard  CL uJ., 1992). SSA is based on 1 ‘rinci-
l~al Component Analysis i~l tllc time domail). ‘J’hc examined time series is

allglnclltd  into a nulnbm  of shifkl  time series. ‘.I’IIc  coI]~crstone  of SSA is
l,l)c s]~cctral,  i.e., cigcnvaluc - cigclwcclor, dccoln])c}sitioll  of tllc Iagp;cd co-
valiancc matrix which is com])oscd  of tlIc covfiliallccs dclmnlincd  bctwcc]l
1,1 Ic slliftc!d time series. ‘J’hc cip,cl)valucs  o f  t}m lap,gcd covariallcc Inatrix
mnposc the S ingu l a r  Spec t rum,  wlmrc  tli(! cig,cllvalucs  arc anallg,cd ill a
I nonotmlical  1 y decreasing mdcr. ‘J’hc cigcllvalucs cut-ofl at a ccrlain o r d e r ,
forlrlill~, a ‘Ltail)’ in L]](! s]~cctrum  wllicll  is collsidcrcd as Lllc lloisc  floor of tl]c
data. ‘J’])(!  TIuml)(!r  of cigclm’alues  above tl)c  lmisc  floor rc]nc!sc!]lts  tllc dcgrcc
of freedom of tllc! varial)ility, or ii] otllcr words, l,llc statistical diln[!nsion  of’
tllc data, wllicll  is associated with tllc lnlIt)bcr  of oscillatory co]n]ml)c]lts  ill
tl)(! si.gl]al. ‘J’lN! ]Iighcst cip,cnvalucs  rc])Icsc]it  Lllc fu]lda~rlcnlal  oscillatio~ls
ill Ll)c data and in ]nany cases tl)cy  arc related to t]){! Lr[!l)d.

l“ig. (i. s]iows  tllc Singular S])cctra of L])(! Mg c/w ratio and L41’SI.  As
can  lx! scc!n,  tllc two Singular S])cctra arc vcly sill lilar, idclltifyillp,  al)outl  N)
oscillatory components in the two tinlc series. ‘J’l]c lnost illtcrcstillp, ,MIWCL
of SSA is tlIC  reconstruction of t,]lc cxanlillcd tilllc series above tIIC noise
ICVCI a n d / o r  })arl of i]ltcrcst. ‘J’l]c various oscillatory coInpoIIcnts can l)c
mconstructd  as a projection to the cigclwcctors  of the lagged  covariallcc
lnatrix. ‘J’]lc ]Lcconstructcd C;om])cmcllts  (IWS) rc]atcd to t]ic fi rst cigcll  -
valucs of tl)c Mg c/w ratio and MI’S] give t]lc solar cycle related trc]}ds,
])lottccl  in t,llc u])})cr  ])a~lcl  of 1+’ig.  7. ‘J’hc 10WCI ]Mncl SI]OWS tl]c co r r e l a t i on
l)ctwcc]l  tl)c i,wo t rends,  wllicll  clearly indicates  111(! ]]onlinc:ir  rclatio]l lx-
twccI) tlIc solar cycle related trends in tJIc hfl.g c/wT ratio and MI’S]. As l“ig.
7 sl)mvs,  usil]g  a quad ra t i c  f i t ,  tl)c lo]lp,-tcrln  cllallt,c! ili UV irradiallce c:in
I)c predicted by MI’SI  with a correlation cocflicicl)t:  r =- 0.998.

l“inally, the 27-day varial)ility ill tllc Mg c/w ]atio and hfl’Sl IIas been
l<!col)structccl  as well and tl)c results arc ]wcscntcd ill l~ig. 8. As can bc seen,
I,llc am])litude of the 27-day variability is the strongest at the Lime of the
solar maximum in bot]l indices and it dccrcascs towards solal mini]riu  m.
IL is intcrsting to note tl]at there is about a two year modulatioli  ill tllc
] otational variability of both il)cliccs. ‘J’l]c distribution of tl)c data points
o]) tlic scatter plot diagr:im (1{’ig. 81)) indicates t}lat tllc l inear association
I)ctwcci)  tllc rotat ional  varial)ility of tllc Mg c/w latio a]~d MI’S]  call  I)c
divided into 3 various co]rl]mnents,  wllicl)  alc dated to tl)c diflkrcnt ])1 Iascs
of iJIc solm. C<yclc)  in this ]Jar Licular  case, t]lc maximuln, dcclinillp,  portion
ill)d minimum Of CyCIC 21.
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4 .  <;ollclusiolls

Mcasumncnts  of t])c  so]a~ cnc!J’g;y out])ul,  and u)ldcmtandinp, its valiabilit,y
arc cxlrc]r-d.y  i)l)]ml%il]t  sil]cc  they ])rovidc  il}forlllat,ion  about t,llc ])llysical
))l”OC(!SS(!S  i] I , b e l o w ,  al]d  al~ovc t,l)c solar ])l)otos])l](!m  It has bc(!n d[!mon-
strat,cd that bot,h total solal and UV ir~adiances cl)allgc  over  tllc sola?  cycle,
I)ci]lf,  l]igllw during  nlaximuln activi ty co]lditions. IL l]as been SI]OWII  t,llat,
tllc! long-tcnn  variation of tllc IJV irradia)lcc and total irladiancc co]]cctcd
for SU]IS])OL  d a r k e n i n g  i s  plilna~i]y mlatcd to tllc mwlution of ma~nctic
fields ovw tl)c so]ar  cycle via tl)c changing; emission of faculae, pla~cs and
(IIC lrlag]lctic IIct,work (I,cal],  1988).

A  ltllou~,l) tl)c]c is a masonab]y g;ood corrclatic))]  bctwcell tllc lonp,-tcr]tl
variatiol]s of solar irradiallcc (I)otl) l)olol]lctric and at lJV wavclc IIgllIs)  aild
solar  ]rlagtlctic  field st]cngl])  durillp,  I,l]c clcclinillp, and rising ])ollions of so-
lar cycle, tlJcrc arc collsidcrahle disrc]mncics at tllc tilllc of sola] ~naxilnul]l
and solar ]Ili)lilllunl.  l)a]) CL al. (1996)  })ointcd  out a ])l)asc sllifl l)ctwccl)
Ll)e slronp,  )nagnctic fields conccnt,rat,cd  in suns]mts and the full disk mag-
IIct,ic flux a)ld so]al irvadiallcx!  at tlJc! til]lc of so]a] lnillilnum. (}oln])al’isoll
o f  t])c llla.qnclic  fic]d st]’cnp,l]i  o f  l)]ap;cs wit]]  sola] lJV irmdiancc  clcmon-
st,ratcs t,l]at t,l]c sl)o]lg linc!a? )clatiol~  l)CAWCC]I tllc ])lagc maF,nctic  f l u x  a n d
U V  irradiancc  b e a k s  dowil  at t,lic t,im(!  of so]al )I]illilnuln.  It I(!lrlaills  to
l)c see]) wll(!tllcr  tllc discrc]jallcics l}ctwcwl  tllc solar magllctic f l u x  (botl)
L1)c! full  disk and its plagc c o m p o n e n t )  a]ld  so]a? il radial]cc variahi]ity arc
rclat,ml to s m a l l  and faint lrla,gnctic  fcatums, wllicll  m a y  lmt bc dctmctcd
I)y t,llc cul)(!nt,  magnetic field obsmvations,  01 tl)crc is a nonlil)cal cou])lillg
bctwccll tllc sll}~])llotos])llclic,  ])llotc)spllcric,  and cl]lolrlos])llc]ic  laycm.  l“ul-
lI)cI  studies on tl)is  to])ic  arc cssc!ntial  to better u]ldcmland  tl]c under lying,
])l)ysical  IIlcclla]lisms  of the IOllg-tcrln  irradiancc wwiabilitics.

ACkttOUIICdgCIILCTLtS:  ‘J’IIC rcscarcl] dcscribcd in this ~)apcr was carried out by
tllc [Jnivcmity of ~alifomia, I,OS Angeles and the Jet l’repulsion I,abora-
tory, (;aliforllia lnstitutc of ‘lkcll]lolo.gy uI]dcI a co]]tratit wit]) t,l)c Naticn  Ial
Ammautics  and Space Admillistmtio)l.  ‘J’l]c autllo] cxpcsscs hm gyatitudc
to tllc cntiw Sol10/VIl{G()”  Scicncc tcaln for ]J)cwidin~  t,l)c! first VI I{G[)
results for this IMIW]C ‘J’hc author  cxprcss(!s  hcI gmtitudc to lh. K. Harvey
for ])rovidillg  tl)c  ])lot of tllc full disk magnclic  flux measu red  at the Na-
tio!]al  %lm ol)scrvato)y  at, Kit,t I ‘cak,  which is IncIduccd  co-o] mativcly by
NS1~/NOA(),  NASA/GSIK;, and NOAA/  Sl’X,.
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1{’iguw  {;a]Aiolls
l“ig. 1.: ‘J’l)c time scrim of various space-l)orl]c irradiallc(! cx]][!rinlcllts  arc
])IuicIItcd from t,hc ]atc scvultic!s to up-to-date (aflcr ]“1’6]l]ic]]  et al. (] 997).
l“ig. 1 has bc!cn provided for this Ixi}m ly I,IIc courlcsy of tllc SOllo/Vl I<G()
%icncc ‘J’caln.

l“ig. 2.: ‘1’ot,al solar irradia~lcc mcasur{!d  by tllc! Nilrll)us-7/ltlUl,  SMM/AC;l{JM
1  and lJAlK3/AUtTM 11 radiomctmrs arc INCSCIIM i~] Fig.  2a.  ‘J’l)c dasld
lil~c SIIOWS  L1]C A~RIM 11 data as mcmurcd froln  UA1<.S, tl]c solid Iillc S1)OWS
tlw adjwdcd  A(~lLIM  11 values to the AC;I{IL4  1 scale by  Frtilllicll  (1997) .
lrip;. 21) SI1OWS  tl)c 1’S1 model of suns]  )ots.

l~ig. 3.: ‘J’otal  solar irradial~cc corrcclcd for SUI)S])(A  darkcl)inp,  is })rcsc]ltcd
ill l“i~. 3a. ‘J’l]c co]nbi]lcd  Nilrll)11s-7/Sl  llJ\Tl and NOAA9/Sl!1JV2  h4g 11 I I

47 k core-to-wil)~ ratio is S1)OWJJ  ill l“ig. 31).

1{’i.g. 4.: ‘J’llc absolute value of th(! full disk )!l[ig;l)clic  flux ]ncasurcd at tllc
Natiol]al SolaI observatory at l<itt l’cak is slIowJl  (solid Iil)c). ‘1’IIc  dotted
lillc S1]OWS  I,l)c 11[!1  ma,ryclic flux, ‘J’lIc ])]ot ]]as been ])rovidcd  lry courl{!sy
of 1 )1’. Km!ll IIal’vc!y.

l“ig. 5.: ‘J’I]c! ul)pcr ])anc] SIIOWS  tl)c coml)illcd  NinIll~ls-7/SlilJVl and NOAA 9/Sl{UV2
M.g c/w ratio (solid line)  and MI’S] (dotted line) for th(! tilnc i~icrval of
Novcn)bc) 7, ] 978 tO A u g u s t  ~], ~ !)~~. ‘J’l]c ]OWCI ])anc] SIIOWS t]](! SCatJtC1’

] ~lot bctwccm the two time series.

l“ig. 6.: ‘J’hc Singular Spectra of the Mg  c/w ratio (up]m ])a~l(!l)  and Ml ‘S1
(Iowcr  pallcl) arc prcsc]]tcd for solar cycle 21.

11’ig.  7.: ‘J’IIc  u]qxx pallcl S]IOWS  the firsl ]{(!constl  uctcd C;omImlc])ts of t]lc
Mg, c/w ratio (solid line) and MI’S] (llcavy-dc)ttcd line) for solar cycle 21.
‘J’hc k)wm ])ancl  s h o w s  t h e  comclation betw(!c]l  tl lc! t w o  IWs. ‘J’hc ligllt-
(lasl)cd  line sl)ows I,]](!  linear fit, wlmrcas tllc llcavy-dasllcd lillc rc])rcscnts
a quadratic fit.

l~ig. 8.: ‘J’l]c u})pcr  l)ancl shows tllc 3M1 and 4tl~ I{G of tll(! Mg c/w ratio
(solid line) for solar cycle 21. ‘J’llcsc lWS rq)rc!scnt tl]c 27-day solar rota-
tional com})oncnts  in the signal. ‘J’lIc heavy-dottml line shows tlm rc)tatiollal
coln]mncmt  (1{(7s  5 &, 6) in MT’S]. ‘J’l)c corrc!latioll  bctwccll the 27-day ro-
tational variability of the Mg  c/w ratio and Ml ‘S1 is })rcscntcd  in tl}c lower
pal]cl.
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SOLAR UV IRRADIANCE for SOLAR CYCLE 21
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